Background Psychosocial work characteristics (job demands, control, support, job strain and iso-strain [high job strain combined with social isolation at work]) may be linked to cancer risk, by affecting cancer-related lifestyles like smoking, high alcohol consumption, low intake of fruits and vegetables and lack of physical activity.
Psychosocial work characteristics like job demands, decision latitude (or control) and support are likely to play a role in the well-being of subjects. Job demands refer to work load, e.g. deadlines and work pace. Decision latitude refers to a person's ability to control his or her own work activities. In the demandcontrol model developed by Karasek et al. 1 job stress or job strain is defined as the combination of high psychological demands with low levels of control. High demands, low control as well as a combination of high demands and low control (job strain) have been reported as risk factors for cardiovascular disease. 2 In addition, social support at work might influence the effects of job strain. People with high job strain combined with social isolation at work (iso-strain) were found to have the highest cardiovascular disease risk. 3 Two possible mechanisms have been proposed: direct mechanisms, through physiological variables such as blood pressure, hormone factors or cholesterol, and indirect mechanisms, through behavioural risk factors such as smoking and drinking. 4 Hardly any literature is found on possible associations between psychosocial work environment and cancer risk, 5, 6 although psychosocial aspects of the work environment have been linked to changes in hormone levels and immune function, that may in turn have an influence on tumour development. 7, 8 Moreover, the other mechanism-through lifestyle factors-might be just as plausible for cancer risk as for cardiovascular disease. Nevertheless, the associations between job characteristics and lifestyle have been inconsistent. [9] [10] [11] [12] [13] [14] [15] [16] [17] Therefore, the aim of this study was to examine the cross-sectional associations between psychosocial work variables (demands, control, support, strain and isostrain) and established lifestyle risk factors for cancer, namely smoking, alcohol intake, low intake of fruits and vegetables and lack of physical activity. 18 Data obtained in an ongoing prospective cohort study on psychosocial factors and cancer risk among the general Dutch population are used. Because job strain may promote unhealthy coping behaviours such as smoking, 4 the central hypothesis of this study was that people within high strain jobs-especially in combination with low job support-are more likely to smoke, drink more alcohol, consume less fruit and vegetables and are less physically active.
Associations between job strain and health behaviour may vary by sex. 12, 13, 16 Therefore we have conducted the analyses for men and women separately.
Methods

Subjects
The entire cohort of the Monitoring Project on Chronic Disease Risk Factors (MORGEN-project) formed the sampling frame for a prospective cohort study on psychosocial factors and cancer risk that started in 1996. In the MORGEN-project, data on health status and prevalence of risk factors were collected in an ageand sex-stratified random sample of the general population in the Netherlands, aged 20-65 years, between 1993 and 1997. In our ongoing study on psychosocial factors and cancer risk, all MORGEN respondents are approached in phase, starting with respondents from 1993 and 1996. Response rates in the MORGEN-project were 50% in 1993 and 44% in 1996. In total, 9345 MORGEN-respondents recruited in 1993 (n = 4971) and 1996 (n = 4374) were mailed our questionnaire on psychosocial factors, and 5106 subjects (2609 in 1993 and 2497 in 1996) completed the questionnaire. Questions about psychosocial work characteristics were only asked of people who were employed at the time of the survey (67% in 1993 and 73% in 1996). Within this subgroup 3309 subjects (1610 in 1993 and 1699 in 1996) completed the section on work characteristics.
Psychosocial work factors
Information on work characteristics was obtained by the Health and Life Experiences Questionnaire (HLEQ) as part of a broader range of assessments. The instrument was designed for initial use in the European Prospective Investigation into Cancer and Nutrition (EPIC) study in Norfolk, UK. A more detailed outline of aspects of the HLEQ assessment approach has been provided elsewhere. 19 As for most measures, validated Dutch equivalents were not present, but the English version of the questionnaire was translated into Dutch (by one person) and back-translated into English (by another person). Differences in nuance between the original and the back-translated version were resolved by the researchers involved in the project.
In this paper we focus on three constructs representative of the often used job strain model of Karasek, 1 namely job demands, job control and job support, with item choice based on scales used in the Whitehall II study. 20 The separate constructs were measured respectively through 4-item, 14-item and 5-item scales (Appendix). Response categories ranged from 1 (often) to 5 (never). First, all items were recoded in the same direction, whereby high scores represent more demands, more control or more support. Next, for those with no more than one missing item in a scale, scale total scores were calculated. For those respondents with one missing item, the mean score of the remaining items was added to the total score of all completed items. The response category 'not applicable' (added for seven items on the role of supervisors and colleagues) was given the score of the middle category. A summary score for job control was computed by weighting scores on decision authority (eight items) and skill discretion (six items) equally. Finally, two combined variables were constructed: job strain and iso-strain. Job strain was defined as having simultaneously high job demands (above the median score) and low job control (below the median). Low strain jobs are defined as having low demands and high control; in active jobs people were supposed to have high demands and high control and in passive jobs people have low demands as well as low control (Figure 1 ). For the definition of iso-strain, social support at work was combined with job strain to create eight exposure groups ( Figure 1 ).
Lifestyle characteristics
To study the inter-relationship between psychosocial work factors and lifestyle, four established lifestyle risk factors for cancer were examined; namely smoking, alcohol intake, low intake of fruit and vegetables and lack of physical activity. 18 For smoking, respondents were categorized as either current smokers, former smokers or never smokers. Weekly alcohol consumption was categorized as none, intake below the median and intake above the median (separately by gender). Dietary habits were determined through a semi-quantitative food frequency questionnaire 21 that assessed the habitual consumption of 178 food items during the previous year. Information concerning fruit and vegetable intake (number of servings per day) was dichotomized by the median value. The questionnaires measuring physical activity used in the MORGEN-project differed between 1993 and 1996. In 1993 the so-called 'Baecke list' 22 was used and in 1996 several other questions measuring physical activity during work and leisure time were surveyed. 23 To unify both ways of measuring physical activity, three categories of physical activity were constructed based upon the number of hours per week engaged in 'moderate' activity (for instance bicycling) and/or 'heavy' physical activity (for instance playing sports like soccer). Although the frequency distribution of 'low', 'medium' and 'high' physical activity differed slightly between 1993 and 1996, the relation between this classification of physical activity and several other variables (age, level of education, body mass index, cholesterol level and blood pressure) was comparable between 1993 and 1996.
Statistical methods
The prevalence of lifestyle risk factors for cancer was compared within categories of job demands, job control and job support (dichotomized by the median value), for men and women separately. Multiple logistic regression analysis was used to study the association between job strain or iso-strain (independent, categorical variables) and the probability of having a specific lifestyle. Smoking was dichotomized as ever versus never smoking and as current smoking versus no smoking. Alcohol consumption was dichotomized as current alcohol intake versus no alcohol intake and as alcohol intake above the median versus intake below the median (for the latter abstainers were excluded). Intake of fruit and vegetables was dichotomized by the median value, for men and women separately. Physical activity was dichotomized as low versus medium plus high. Furthermore, linear regression analysis was used to study the association between job strain or iso-strain and the amount of cigarettes smoked (for current smokers), the number of alcoholic beverages per day (for current drinkers) and the number of servings per day for fruit and vegetable intake. In the logistic and linear regression models adjustment was made for age (continuous) and highest level of education (low, medium, high). Because it is not clear which job strain category is most beneficial with regard to healthy lifestyles, high strain was used as comparison group in the job strain models and high strain combined with low support as the comparison group in the iso-strain models. Statistical analyses were carried out using SAS, version 6.12.
Results
The study population consisted of those in paid employment at the time they completed the Health and Life Experiences Questionnaire. As a consequence, relatively more younger people are represented in this group, with a somewhat higher level of education compared with all participants in the cohort. When considering the distribution of sociodemographic variables and lifestyle characteristics between men and women (Table 1) , the largest difference is found for alcohol intake; the mean number of glasses per day for men is 2.6 times the mean intake for women. Regarding work characteristics, mean scores for job demands and job control are somewhat higher among men compared with women and mean scores for job support are somewhat higher among women ( Table 1) .
The prevalence of lifestyle risk factors for cancer did not differ substantially between people with high or low job demands, high or low job control, or high or low job support. Among men, statistically significant positive associations were found for physical activity and job support. For women, statistically significant positive associations were found for alcohol intake and job demands or job control and for vegetable intake and job demands or job control ( Table 2) .
As can be seen in Table 3 , there was no evidence of a relation between job strain and cancer-related lifestyles in multivariate analysis, after adjustment for age and highest level of education.
The results regarding lifestyle and iso-strain indicated no consistent associations (Table 4) . Of all the associations we analysed, only the odds for smoking status and alcohol consumption was significantly different in one or two categories of iso-strain. The odds for ever smoking versus never smoking was higher among men with an active job combined with high support (OR = 1.53; 95% CI : 1.00-2.34) compared with men in high strain jobs with low support. Among women the odds for current smoking versus no smoking was lower in passive jobs with high support (OR = 0.65; 95% CI : 0.43-0.97) compared with the odds for women in high strain jobs with low support. Furthermore, within the category women with low social support the odds of current alcohol consumption was lower for women with low strain jobs (OR = 0.53; 95% CI : 0.33-0.86) or for women with active jobs (OR = 0.59; 95% CI : 0.37-0.96) compared with women with high strain jobs and low support.
The associations between job strain or iso-strain and lifestyle were not substantially different between 1993 and 1996 (data not shown).
Results from linear regression analyses (not presented) were comparable with findings from logistic regression analyses: no statistically significant associations were found between job strain and smoking (number of cigarettes), alcohol intake (glasses per day) or intake of fruit and vegetables (servings per day). With regard to iso-strain, statistically significant associations were found for number of cigarettes smoked and alcohol intake, among women. However, the parameter CANCER RISK AND PSYCHOSOCIAL WORK ENVIRONMENT 787 estimate for the number of cigarettes smoked per day was only significantly different in the low strain-low support category (B = -3.05, SE 1.55, P Ͻ 0.05) compared with the high strainlow support category. The same was found for number of alcoholic drinks per day (low strain-low support B = 0.37, SE 0.11, P Ͻ 0.05).
Discussion
The present study found no support for the hypothesis that job strain or iso-strain were associated with a cancer-related lifestyle. We expected that people within high strain jobs, especially in combination with low job support, were more likely to smoke, drink more alcohol, consume less fruit and vegetables and be less physically active. Although we found some statistically significant associations between lifestyle factors and job demands, job control and job support, no statistically significant associations were found between cancer-related lifestyles and job strain. Moreover, the results regarding lifestyle and iso-strain indicated no consistent associations. Other studies on job characteristics and lifestyle focused mainly on smoking habits and alcohol consumption, due to the fact that in most studies established risk factors for cardiovascular disease were considered. Studies on smoking and job characteristics showed inconsistent results. In general, hardly any significant association was found for job demands or job support and smoking status or number of cigarettes smoked per day. 12, 13, 15, 16, 24, 25 In some studies low job control was found to be associated with higher prevalence of current smoking among men [24] [25] [26] or number of cigarettes smoked per day. 13 However, in several other studies no significant associations were reported between job control and smoking status 12, 15, 16 or number of cigarettes smoked. 15, 27 Although the measurement of job characteristics differs between these studies (based on job title by imputation or based on questionnaire information), this is not the reason for inconsistencies in the results. When considering the association between job strain and smoking, there is more evidence for an association between job strain and number of cigarettes smoked, 11, 13, 17, 28 than for job strain and smoking status. 10 However, in most studies no significant associations are reported. 9, 12, 16, 24, 25, 27, 29 In two studies on alcohol intake (g/day) and job demands, job control or job support 12, 27 no statistically significant associations were found. When considering job strain in relation to alcohol intake, 9, 11, 12, 17, 27 two studies reported a statistically significant inverse association. 11, 12 Most studies concerning lack of physical activity and job characteristics gave no support for an association. Three studies reported no significant association, 9, 17, 27 while in one study a positive association was reported for women. 10 However, in the latter a proxy for job strain (employment outside the home) was used. Only one study considered the association between 'healthy eating' and job demands. 15 Healthy eating was measured by means of the consumption of fruit, vegetables, whole foods and fish. No significant associations were reported.
INTERNATIONAL JOURNAL OF EPIDEMIOLOGY
No studies on the association between iso-strain and lifestyle were found.
Although there are differences in response rates, study population, or measurement of job characteristics between these studies, there are no clear differences in these factors between studies where significant associations are reported compared with studies where no significant associations are found. Nevertheless, response rates, choice of study population or measurement of job characteristics may affect the validity of the results.
The response rate for the MORGEN-project was 50% in 1993 and 44% in 1996. For the questionnaire on psychosocial factors, the response rate was 55%. Therefore, our data may have been affected by selection bias. A small non-response survey among the MORGEN-study population conducted in 1993, 30 showed that men and people with a lower level of education are possibly under-represented in MORGEN, whereas non-smokers, sportsmen and people with less-than-good selfreported health are over-represented. Bias in the associations between psychosocial job characteristics and cancer-related lifestyles would only occur when response status is associated with both job characteristics and lifestyles. It seems unlikely that people with cancer-related lifestyles would respond in a different way compared with people without cancer-related lifestyles according to their psychosocial work environment. In our study on psychosocial factors and cancer risk, response rates were also lower among people with a lower level of education. Because in general, people with higher socioeconomic status (SES) have higher levels of job demand and job control, 31 these differences in response rates among SES groups may lead to higher mean scores for job demand and job control. However, the prevalence of job strain did not substantially differ between SES groups in our study population (not presented).
We restricted the study population to those who had a paid job at the time they completed the questionnaire. Therefore, the findings are restricted to relatively healthy employed workers, because those who might have already left the labour force as a result of the adverse health effects of work-related exposures (e.g. strain) are excluded. In the MORGEN data from 1993 and 1996, 77% of the men and 51% of the women had a paid job. The corresponding percentages in the sub-population who responded to the questionnaire on psychosocial factors were 80% and 62%. We compared the prevalence of the established lifestyle risk factors for cancer among those with and without a paid job in the MORGEN population of 1993 and 1996. There were no striking differences in cancer-related lifestyles between women with and without a paid job but current smoking was more prevalent among men without a paid job and the mean alcohol intake (for current drinkers) was also higher in this group (data not presented). Consequently, our findings refer mainly to the active labour force instead of the general population.
In this study the assessment of psychosocial work characteristics was based on self-report. Self-reports may provide inaccurate descriptions of job characteristics, or may be biased by personality traits such as negative affectivity. 4 Nonetheless, information derived from an objective classification based on job title neglects within-occupation variance and it assumes that conflicting demands, time pressure and lack of control will be just as stressful for all people. Thus, an imputation procedure has less power than a method based on individual level scores in which variance due to both person and occupation exists. 26 We used cross-sectional data from an ongoing prospective study on psychosocial factors and cancer risk. The classification of subjects with regard to the job variables was based on the current job, and all of the behaviours may have preceded the initiation of the current job. Therefore, associations between job characteristics and lifestyle might be interpreted as lifestyle preservation, rather than lifestyle initiation. Today's exposure to job strain is not a valid indicator for lifetime exposure, since employees change jobs, gain new skills and so on. Misclassification and a smaller effect size might be the consequence. 4 Finally, it may be possible that other psychosocial factors, such as personality or social support outside work, may mediate the associations between job characteristics and lifestyle. Therefore, the role of social support (not work related) and personality characteristics needs to be explored in future work.
In conclusion, we found no association between job strain or iso-strain and cancer-related lifestyles but because other studies on job strain and lifestyles showed inconsistent results, the lifestyle risk factors for cancer will be considered in further research on job strain and cancer risk. 
